For almost two decades, scientists around the world have grappled with the question of whether women's use of hormonal contraception increases their risk of becoming infected with the human immunodeficiency virus (HIV). For the health of women across South Africa, the stakes are incredibly high. There are over 5 million HIV-infected women and men living in the country, and the vast majority are of reproductive age. 1 At the same time, millions of women use hormonal contraception: injectable hormones and oral contraceptive pills are used by approximately 28% and 10% of South African women of reproductive age, respectively. 2 Providing hormonal contraception is a critical part of promoting women's health in South Africa and globally; if hormonal contraceptives were to increase women's risk of acquiring HIV, it could be a tragedy of modern public health.
This question re-emerged recently with the publication by Heffron et al. 3 in Lancet Infectious Diseases of an international study suggesting that HIV acquisition is more common in women who use hormonal contraception (both oral and injectable) compared to women who did not. The study was conducted in 1314 couples in which the male partner was HIV-positive and the female partner was HIV-negative. In observing these couples over 1-2 years of follow-up, the researchers found that the occurrence of new HIV infections was about twice as high in the women that used hormonal contraception than in the women who did not.
This finding has rekindled the debate on the putative association between hormonal contraception and HIV, 4, 5 and is certainly cause for public health concern. At the same time, this work forces to the surface a broader, ongoing discussion regarding the limits of scientific knowledge that can be generated through observational epidemiological studies. 6 Several observational studies have suggested a similar association between different forms of hormonal contraception and HIV, complementing the results of Heffron et al. 3 However, there are as many published studies on this question that have shown no such association. 7, 8, 9, 10 (By way of disclosure, the author has led a local study showing no association. 7 
)
Observational epidemiological research faces several basic challenges in trying to identify the causes of specific diseases by observing patterns of 'risk factors' (any exposure, behaviour or condition that may be a cause of disease) within individuals and populations. Foremost among the concerns facing observational epidemiology is the ubiquitous phenomenon of confounding, in which the correlations of potential risk factors create a biased result, making it difficult to discern true causality. In the case of hormonal contraception and HIV, the likely sources of confounding include sexual behaviours, such as condom use, that are associated both with the use of hormonal contraception and with women's acquisition of HIV infection. For example, women who use hormonal contraception are less likely to use condoms than those who do not (since the contraceptive effect of condoms is a principle reason for their use in many settings), and thus are at a higher risk of sexually transmitted HIV infection for reasons other than their hormonal contraceptive use.
Confounding is a fundamental concern that snakes throughout epidemiological research. In observational studies, the most that scientists can hope for is to anticipate, measure and attempt to adjust for confounding effects using various statistical tools. 11 (This approach is in contrast to experimental epidemiological studies, in which investigators use tools such as randomisation to help minimise confounding effects and other biases. 12 ) When we find large associations between risk factors and disease outcomes, confounding effects are unlikely to be responsible for the entire association. But it is impossible to remove the effects of confounding definitively. This fact leads most investigators conducting epidemiological research towards highly tentative conclusions, and, occasionally, significant reversals. For example, use of hormone replacement therapy (HRT) in postmenopausal women was widely thought to reduce women's risk of cardiovascular disease based on observational epidemiological studies from the USA. Only more recently has the confounding effect of socio-economic status in these studies come to be fully appreciatedwomen who use HRT are typically wealthier and less likely to experience cardiovascular disease (at least in the USA) than women who do not use HRT. 13 Page 1 of 2
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Epidemiologists have an arsenal of statistical tools to confront confounding and related phenomena. New analytical refinements to deal with confounding effects emerge every few years and promise new hope to the discipline, but the challenge that confounding presents to observational epidemiological research is more fundamental. As we study patterns of disease in populations, and search for smaller and smaller associations, the ability to discern spurious, confounded effects from true, causal effects is increasingly fraught with uncertainty. 14 As in the case of the association between hormonal contraception and women's HIV acquisition, the results produced by any single observational study should be interpreted with tremendous caution; inferences about causality in epidemiological research emerge only over time after repeated investigations of a particular question in different populations.
In this instance, the World Health Organization convened a panel to review the body of evidence on this question, including the study by Heffron et al. 3 The panel's conclusion was that the results were too mixed overall, and individual studies too flawed, to draw any conclusions. 15 Yet, observational epidemiological research still faces the ubiquitous challenge of confounding.
